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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present disclosure relates to an electrophotographic photosensitive member, and a process cartridge and
an electrophotographic image-forming apparatus each including the electrophotographic photosensitive member.

Description of the Related Art

[0002] A wide variety of investigations have heretofore been made on an electrophotographic photosensitive member
to be mounted on an electrophotographic image-forming apparatus (hereinafter sometimes referred to as "electropho-
tographic apparatus") for improving its image quality and durability. An example thereof is an investigation in which a
radically polymerizable resin is used in the surface of the electrophotographic photosensitive member to improve its
abrasion resistance. Meanwhile, in some cases, image smearing occurs as a harmful effect due to the improvement in
abrasion resistance by the use of the radically polymerizable resin in the surface of the electrophotographic photosensitive
member. The image smearing is a phenomenon in which an output image blurs owing to the blurring of an electrostatic
latent image to be formed on the surface of the photosensitive member. In order to solve the image smearing, an
investigation has been made on the use of a compound having a polymerizable functional group as the radically polym-
erizable compound.

[0003] In each of Japanese Patent Application Laid-Open No. 2015-225132 and Japanese Patent Application Laid-
Open No. 2005-208112, there is a disclosure of a technology involving using a triarylamine compound having an acry-
loyloxy group or a methacryloyloxy group.

SUMMARY OF THE INVENTION
[0004] According to one aspect of the present disclosure, there is provided an electrophotographic photosensitive
member including in this order: a support; a photosensitive layer; and a protective layer, wherein the protective layer

contains a resin having a structure represented by the following general formula (1) and a structure represented by the
following general formula (2):

R 06 (1)

in the formula (1), R! represents an alkylene group or phenylene group that may have a substituent, and R2 to R each
independently represent a hydrogen atom, a methyl group, or an ethyl group;
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in the formula (2), R'! represents an alkylene group or phenylene group that may have a substituent, and R12 to R17
each independently represent a hydrogen atom, a methyl group, or an ethyl group.

[0005] According to another aspect of the present disclosure, there is provided a process cartridge including: the
electrophotographic photosensitive member; and at least one unit selected from the group consisting of a charging unit,
a developing unit, and a cleaning unit, the process cartridge integrally supporting the electrophotographic photosensitive
member and the at least one unit, and being removably mounted onto a main body of an electrophotographic apparatus.
[0006] According to still another aspect of the present disclosure, there is provided an electrophotographic apparatus
including: the electrophotographic photosensitive member; and at least one unit selected from the group consisting of
a charging unit, an exposing unit, a developing unit, and a transferring unit.

[0007] Further features of the present invention will become apparent from the following description of exemplary
embodiments with reference to the attached drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGURE is a view for illustrating an example of the schematic construction of an electrophotographic image-
forming apparatus including a process cartridge including an electrophotographic photosensitive member of the present
disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0009] According to an investigation by the present inventors, in an electrophotographic photosensitive member de-
scribed in Japanese Patent Application Laid-Open No. 2015-225132 or Japanese Patent Application Laid-Open No.
2005-208112, triarylamine structures positioned in side chain portions of a polymer chain forming a resin aggregate
because of their high stacking properties in some cases. When excessive aggregation occurs, the charge-transporting
ability of any such triarylamine structure is not sufficiently exhibited, and hence an exposure memory worsens in some
cases.

[0010] Therefore, an object of the present disclosure is to provide an electrophotographic photosensitive member that
is suppressed in stacking of a triarylamine structure, is reduced in exposure memory, and is excellent in electrical
characteristics and durability.

[0011] The present disclosure is described in detail below by way of a preferred embodiment.

[0012] Anelectrophotographic photosensitive member (hereinafter sometimes referred to as "photosensitive member")
according to one aspect of the present disclosure includes in this order: a support; a photosensitive layer; and a protective
layer, wherein the protective layer contains a resin having a structure represented by the general formula (1) and a
structure represented by the general formula (2).

[0013] A triarylamine structure positioned in a side chain portion of a polymer chain forming a resin has a high stacking
property derived from its molecular structure, and hence a plurality of triarylamine structures have heretofore aggregated
in some cases. When excessive aggregation occurs, the charge-transporting ability of any such triarylamine structure
is not sufficiently exhibited, and hence the exposure memory of an electrophotographic photosensitive member worsens.
Animprovementin dispersibility of the triarylamine structure has been considered to be effective in solving the worsening.
In view of the foregoing, the inventor(s) of the present disclosure have made extensive investigations, and as a result,
have revealed that, when the protective layer of the electrophotographic photosensitive member contains the resin
having the structure represented by the general formula (1) and the structure represented by the general formula (2),
the exposure memory of the electrophotographic photosensitive member can be reduced. This is probably because the
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presence of the structure represented by the general formula (1) and the structure represented by the general formula

(2) can add appropriate strain to the molecular structure of a polymer chain forming the resin in the protective layer to
suppress the excessive aggregation of the triarylamine structures.

R?

-5t

R4 RS (1)
[0014] In the formula (1), R' represents an alkylene group or phenylene group that may have a substituent. The
substituents of the alkylene group and the phenylene group may each be, for example, a methyl group. R2 to R7 each

independently represent a hydrogen atom, a methyl group, or an ethyl group. In addition, R preferably represents an
alkylene group having 2 or more and 5 or less carbon atoms, and R” preferably represents a hydrogen atom.

R’IT
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[0015] In the formula (2), R represents an alkylene group or phenylene group that may have a substituent. The
substituents of the alkylene group and the phenylene group may each be, for example, a methyl group. R12to R17 each
independently represent a hydrogen atom, a methyl group, or an ethyl group. In addition, R1! preferably represents an
alkylene group having 2 or more and 5 or less carbon atoms, and R'7 preferably represents a hydrogen atom.

[0016] Preferred examples of the structure represented by the general formula (1) are represented by the formula
(1-1) to the formula (1-6). Of those, structures represented by the formula (1-2) and the formula (1-3) are more preferred.
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Preferred examples of the structure represented by the general formula (2) are represented by the formula
(2-1) to the formula (2-6). Of those, structures represented by the formula (2-2) and the formula (2-3) are more preferred.
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(2-6)

[0018] The molar ratio of the structure represented by the general formula (1) to the structure represented by the
general formula (2) in the protective layer preferably falls within the range of 0.05 or more and 0.70 or less. When the
molar ratio of the structure represented by the general formula (1) to the structure represented by the general formula
(2) falls within the range, the aggregation of the triarylamine structures in the protective layer can be further suppressed,
and hence the exposure memory can be further reduced.

[0019] In addition, the resin in the protective layer preferably further contains a resin having a structure represented
by the general formula (3). When the resin has the structure represented by the general formula (3), the electrophoto-
graphic photosensitive member can obtain satisfactory durability.

R2O

\
C
A # \EE
O
O AN )

[0020] In the formula (3), A represents an organic group, R20s each independently represent a hydrogen atom or a
methyl group, and "n" represents an integer of 2 or more and 6 or less.

[0021] The structure represented by the general formula (3)is preferably a structure represented by the general formula
(31).
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[0022] In the formula (31), R2! and R22 each independently represent an alkylene group that may have a substituent.
The substituent of the alkylene group may be, for example, a methyl group. R23 to R28 each independently represent a
hydrogen atom or a methyl group. In addition, R2" and R?2 each preferably represent an alkylene group having 2 or
more and 5 or less carbon atoms.

[0023] Preferred examples of the structure represented by the general formula (3) are represented by the formula
(3-1) to the formula (3-4). Of those, structures represented by the formula (3-3) and the formula (3-4) each corresponding
to the structure represented by the general formula (31) are more preferred.
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[0024] In addition, the content of the structure represented by the general formula (3) in the resin in the protective
layer is 0.2 or more and 10 or less, preferably 0.5 or more and 2 or less with respect to the total of the masses of the
structure represented by the general formula (1) and the structure represented by the general formula (2).

[0025] In addition, the protective layer may have a structural unit having a charge-transporting ability in addition to
such structures each having a charge-transporting ability as represented by the general formulae (1), (2), and (31).
Examples of the structural unit having a charge-transporting ability except those described above include a polycyclic
aromatic structure, a heterocyclic structure, a hydrazone structure, a styryl structure, an enamine structure, a benzidine
structure, and a triarylamine structure. In addition, the molecular weight Mw of the structural unit is preferably from 100
to 1,000. The ratio of the total mass of all the structural units including the structures each having a charge-transporting
ability as represented by the general formulae (1), (2), and (31) each having a charge-transporting ability (the total mass
of all the structural units) to the mass of the entirety of the protective layer is preferably 0.4 or more and 1.0 or less. In
this case, the electrophotographic photosensitive member of the present disclosure can obtain satisfactory electrical
characteristics. Further, the ratio of the total mass of the structures represented by the general formulae (1) and (2) to
the total mass of the structural units each having a charge-transporting ability is preferably 0.1 or more and 1.0 or less.
In this case, appropriate strain can be added to the molecular structure of the polymer chain forming the resin in the
protective layer to suppress the excessive aggregation of the triarylamine structures, and hence the exposure memory
of the electrophotographic photosensitive member of the present disclosure can be reduced.

[0026] When the respective constructions synergistically affect each other as described above, the effects of the
present disclosure can be achieved.

[Electrophotographic Photosensitive Member]

[0027] The electrophotographic photosensitive member according to one aspect of the present disclosure includes
the support, the photosensitive layer, and the protective layer.

[0028] A method of producing the electrophotographic photosensitive member according to one aspect of the present
disclosure is, for example, a method involving: preparing coating liquids for the respective layers to be described later;
applying the liquids in a desired layer order; and drying the liquids. At this time, a method of applying each of the coating
liquids is, for example, dip coating, spray coating, inkjet coating, roll coating, die coating, blade coating, curtain coating,
wire bar coating, or ring coating. Of those, dip coating is preferred from the viewpoints of efficiency and productivity.
[0029] The respective layers are described below.

<Support>

[0030] In the present disclosure, the electrophotographic photosensitive member includes the support. In the present
disclosure, the support is preferably an electroconductive support having electroconductivity. In addition, examples of
the shape of the support include a cylindrical shape, a belt shape, and a sheet shape. Of those, a cylindrical support is
preferred. In addition, the surface of the support may be subjected to, for example, an electrochemical treatment, such
as anodization, a blast treatment, or a cutting treatment.

[0031] A metal, a resin, a glass, or the like is preferred as a material for the support.

[0032] Examples of the metal include aluminum, iron, nickel, copper, gold, and stainless steel, and alloys thereof. Of
those, an aluminum support using aluminum is preferred.

[0033] In addition, electroconductivity may be imparted to the resin or the glass through a treatment involving, for
example, mixing or coating the resin or the glass with an electro conductive material.
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<Electro conductive Layer>

[0034] In the present disclosure, an electroconductive layer may be arranged on the support. The arrangement of the
electroconductive layer can conceal flaws and irregularities in the surface of the support, and control the reflection of
light on the surface of the support.

[0035] The electroconductive layer preferably contains electroconductive particles and a resin.

[0036] A material for the electroconductive particles is, for example, a metal oxide, a metal, or carbon black. Examples
of the metal oxide include zinc oxide, aluminum oxide, indium oxide, silicon oxide, zirconium oxide, tin oxide, titanium
oxide, magnesium oxide, antimony oxide, and bismuth oxide. Examples of the metal include aluminum, nickel, iron,
nichrome, copper, zinc, and silver.

[0037] Of those, a metal oxide is preferably used as the electroconductive particles, and in particular, titanium oxide,
tin oxide, and zinc oxide are more preferably used.

[0038] When the metal oxide is used as the electroconductive particles, the surface of the metal oxide may be treated
with a silane coupling agent or the like, or the metal oxide may be doped with an element, such as phosphorus or
aluminum, or an oxide thereof.

[0039] In addition, each of the electroconductive particles may be of a laminated construction having a core particle
and a coating layer coating the particle. Examples of the core particle include titanium oxide, barium sulfate, and zinc
oxide. The coating layer is, for example, a metal oxide, such as tin oxide.

[0040] In addition, when the metal oxide is used as the electroconductive particles, their volume-average particle
diameter is preferably 1 nm or more and 500 nm or less, more preferably 3 nm or more and 400 nm or less.

[0041] Examples of the resin include a polyester resin, a polycarbonate resin, a polyvinyl acetal resin, an acrylic resin,
a silicone resin, an epoxy resin, a melamine resin, a polyurethane resin, a phenol resin, and an alkyd resin.

[0042] In addition, the electroconductive layer may further contain a concealing agent, such as a silicone oil, resin
particles, or titanium oxide.

[0043] The average thickness of the electroconductive layer is preferably 1 wm or more and 50 um or less, particularly
preferably 3 um or more and 40 um or less.

[0044] The electroconductive layer may be formed by: preparing a coating liquid for an electroconductive layer con-
taining the above-mentioned respective materials and a solvent; forming a coat of the liquid; and drying the coat. Examples
of the solvent to be used for the coating liquid include an alcohol-based solvent, a sulfoxide-based solvent, a ketone-
based solvent, an ether-based solvent, an ester-based solvent, and an aromatic hydrocarbon-based solvent. As a
dispersion method for dispersing the electroconductive particles in the coating liquid for an electroconductive layer, there
are given methods using a paint shaker, a sand mill, a ball mill, and a liquid collision-type high-speed disperser.

<Undercoat Layer>

[0045] In the present disclosure, an undercoat layer may be arranged on the support or the electroconductive layer.
The arrangement of the undercoat layer can improve an adhesive function between layers to impart a charge injection-
inhibiting function.

[0046] The undercoat layer preferably contains a resin. In addition, the undercoat layer may be formed as a cured film
by polymerizing a composition containing a monomer having a polymerizable functional group.

[0047] Examples of the resin include a polyester resin, a polycarbonate resin, a polyvinyl acetal resin, an acrylic resin,
an epoxy resin, a melamine resin, a polyurethane resin, a phenol resin, a polyvinyl phenol resin, an alkyd resin, a polyvinyl
alcohol resin, a polyethylene oxide resin, a polypropylene oxide resin, a polyamide resin, a polyamide acid resin, a
polyimide resin, a polyamide imide resin, and a cellulose resin.

[0048] Examples of the polymerizable functional group of the monomer having a polymerizable functional group include
an isocyanate group, a blocked isocyanate group, a methylol group, an alkylated methylol group, an epoxy group, a
metal alkoxide group, a hydroxyl group, an amino group, a carboxyl group, a thiol group, a carboxylic acid anhydride
group, and a carbon-carbon double bond group.

[0049] In addition, the undercoat layer may further contain an electron-transporting substance, a metal oxide, a metal,
an electroconductive polymer, and the like for the purpose of improving electric characteristics. Of those, an electron-
transporting substance and a metal oxide are preferably used.

[0050] Examples of the electron-transporting substance include a quinone compound, an imide compound, a benz-
imidazole compound, a cyclopentadienylidene compound, a fluorenone compound, a xanthone compound, a benzo-
phenone compound, a cyanovinyl compound, a halogenated aryl compound, a silole compound, and a boron-containing
compound. An electron-transporting substance having a polymerizable functional group may be used as the electron-
transporting substance and copolymerized with the above-mentioned monomer having a polymerizable functional group
to form an undercoat layer as a cured film.

[0051] Examples ofthe metal oxide include indium tin oxide, tin oxide, indium oxide, titanium oxide, zinc oxide, aluminum
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oxide, and silicon dioxide. Examples of the metal include gold, silver, and aluminum.

[0052] In addition, the undercoat layer may further contain an additive.

[0053] The average thickness of the undercoat layer is preferably 0.1 wm or more and 50 wm or less, more preferably
0.2 wm or more and 40 um or less, particularly preferably 0.3 wm or more and 30 pm or less.

[0054] The undercoat layer may be formed by: preparing a coating liquid for an undercoat layer containing the above-
mentioned respective materials and a solvent; forming a coat of the liquid; and drying and/or curing the coat. Examples
of the solvent to be used for the coating liquid include an alcohol-based solvent, a ketone-based solvent, an ether-based
solvent, an ester-based solvent, and an aromatic hydrocarbon-based solvent.

<Photosensitive Layer>

[0055] The photosensitive layers of electrophotographic photosensitive members are mainly classified into (1) a lam-
inated photosensitive layer and (2) a single-layer photosensitive layer. (1) The laminated photosensitive layer has a
charge-generating layer containing a charge-generating substance and a charge-transporting layer containing a charge-
transporting substance. (2) The single-layer photosensitive layer has a photosensitive layer containing both a charge-
generating substance and a charge-transporting substance.

(1) Laminated Photosensitive Layer
[0056] The laminated photosensitive layer has the charge-generating layer and the charge-transporting layer.
(1-1) Charge-generating Layer

[0057] The charge-generating layer preferably contains the charge-generating substance and a resin.

[0058] Examples of the charge-generating substance include azo pigments, perylene pigments, polycyclic quinone
pigments, indigo pigments, and phthalocyanine pigments. Of those, azo pigments and phthalocyanine pigments are
preferred. Of the phthalocyanine pigments, an oxytitanium phthalocyanine pigment, a chlorogallium phthalocyanine
pigment, and a hydroxygallium phthalocyanine pigment are preferred.

[0059] The content of the charge-generating substance in the charge-generating layer is preferably 40 mass% or more
and 85 mass% or less, more preferably 60 mass% or more and 80 mass% or less with respect to the total mass of the
charge-generating layer.

[0060] Examples of the resin include a polyester resin, a polycarbonate resin, a polyvinyl acetal resin, a polyvinyl
butyral resin, an acrylic resin, a silicone resin, an epoxy resin, a melamine resin, a polyurethane resin, a phenol resin,
a polyvinyl alcohol resin, a cellulose resin, a polystyrene resin, a polyvinyl acetate resin, and a polyvinyl chloride resin.
Of those, a polyvinyl butyral resin is more preferred.

[0061] Inaddition, the charge-generating layer may further contain an additive, such as an antioxidant or a UV absorber.
Specific examples thereof include a hindered phenol compound, a hindered amine compound, a sulfur compound, a
phosphorus compound, and a benzophenone compound.

[0062] The average thickness of the charge-generating layer is preferably 0.1 um or more and 1 um or less, more
preferably 0.15 wm or more and 0.4 pm or less.

[0063] The charge-generating layer may be formed by: preparing a coating liquid for a charge-generating layer con-
taining the above-mentioned respective materials and a solvent; forming a coat of the liquid; and drying the coat. Examples
of the solvent to be used for the coating liquid include an alcohol-based solvent, a sulfoxide-based solvent, a ketone-
based solvent, an ether-based solvent, an ester-based solvent, and an aromatic hydrocarbon-based solvent.

(1-2) Charge-transporting Layer

[0064] The charge-transporting layer preferably contains the charge-transporting substance and a resin.

[0065] Examples of the charge-transporting substance include a polycyclic aromatic compound, a heterocyclic com-
pound, a hydrazone compound, a styryl compound, an enamine compound, a benzidine compound, a triarylamine
compound, and a resin having a group derived from each of those substances. Of those, a triarylamine compound and
a benzidine compound are preferred.

[0066] The content of the charge-transporting substance in the charge-transporting layer is preferably 25 mass% or
more and 70 mass% or less, more preferably 30 mass% or more and 55 mass% or less with respect to the total mass
of the charge-transporting layer.

[0067] Examples of the resin include a polyester resin, a polycarbonate resin, an acrylic resin, and a polystyrene resin.
Of those, a polycarbonate resin and a polyester resin are preferred. A polyarylate resin is particularly preferred as the
polyester resin.
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[0068] A content ratio (mass ratio) between the charge-transporting substance and the resin is preferably from 4:10
to 20:10, more preferably from 5:10 to 12:10.

[0069] In addition, the charge-transporting layer may contain an additive, such as an antioxidant, a UV absorber, a
plasticizer, aleveling agent, a lubricity-imparting agent, or a wear resistance-improving agent. Specific examples thereof
include a hindered phenol compound, a hindered amine compound, a sulfur compound, a phosphorus compound, a
benzophenone compound, a siloxane-modified resin, a silicone oil, fluorine resin particles, polystyrene resin particles,
polyethylene resin particles, silica particles, alumina particles, and boron nitride particles.

[0070] The average thickness of the charge-transporting layer is preferably 5 um or more and 50 pm or less, more
preferably 8 um or more and 40 pwm or less, particularly preferably 10 wm or more and 30 pum or less.

[0071] The charge-transporting layer may be formed by: preparing a coating liquid for a charge-transporting layer
containing the above-mentioned respective materials and a solvent; forming a coat of the liquid; and drying the coat.
Examples of the solvent to be used for the coating liquid include an alcohol-based solvent, a ketone-based solvent, an
ether-based solvent, an ester-based solvent, and an aromatic hydrocarbon-based solvent. Of those solvents, an ether-
based solvent or an aromatic hydrocarbon-based solvent is preferred.

[0072] Compounds represented by the formula (CTM-1) to the formula (CTM-10) are given below as examples of a
compound that can be suitably used as the charge-transporting substance.
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CHs;

(2) Single-layer Photosensitive Layer

[0073] The single-layer photosensitive layer may be formed by: preparing a coating liquid for a photosensitive layer
containing the charge-generating substance, the charge-transporting substance, a resin, and a solvent; forming a coat
of the liquid; and drying the coat. Examples of the charge-generating substance, the charge-transporting substance,
and the resin are the same as those of the materials in the section "(1) Laminated Photosensitive Layer."

[0074] The average thickness of the single-layer photosensitive layer is preferably 5 wm or more and 50 pum or less,
more preferably 8 wm or more and 40 um or less, particularly preferably 10 wm or more and 30 wm or less.

<Protective Layer>

[0075] The electrophotographic photosensitive member according to one aspect of the present disclosure includes
the protective layer on the photosensitive layer.

[0076] As described in the foregoing, the protective layer is the resin having the structure represented by the general
formula (1) and the structure represented by the general formula (2). The protective layer may be formed as a cured
film by polymerizing a composition containing polymerizable compounds corresponding to the structure represented by
the general formula (1) and the structure represented by the general formula (2). A reaction at that time is, for example,
a thermal polymerization reaction, a photopolymerization reaction, or a radiation polymerization reaction. Examples of
the polymerizable functional groups of the polymerizable compounds include an acryloyl group and a methacryloyl group.
[0077] The polymerizable compounds corresponding to the structure represented by the general formula (1) and the
structure represented by the general formula (2) are, for example, a polymerizable compound represented by the general
formula (1A) and a polymerizable compound represented by the general formula (2A), respectively. Thatis, the protective
layer of the electrophotographic photosensitive member according to one aspect of the present disclosure contains a
polymer of a composition containing the polymerizable compound represented by the general formula (1A) and the
polymerizable compound represented by the general formula (2A).
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[0078] In the formula (1A), R represents an alkylene group or phenylene group that may have a substituent. R2 to
R7 each represent a hydrogen atom, a methyl group, or an ethyl group. In addition, R! preferably represents an alkylene
group having 2 or more and 5 or less carbon atoms, and R” preferably represents a hydrogen atom.

R17
|
H20=C
R AR
0% O _\:,R15
. N R
R12
“ ]
X
R RM (2A)

[0079] In the formula (2A), R represents an alkylene group or phenylene group that may have a substituent. R12 to
R17 each independently represent a hydrogen atom, a methyl group, or an ethyl group. In addition, R'! preferably
represents an alkylene group having 2 or more and 5 or less carbon atoms, and R'7 preferably represents a hydrogen
atom.

[0080] In addition, the composition containing the polymerizable compounds may further contain a polymerizable
compound represented by the general formula (3A).

o
3

[0081] In the formula (3A), A represents an organic group, R20s each independently represent a hydrogen atom or a
methyl group, and "n" represents an integer of 2 or more and 6 or less.

[0082] The structure represented by the general formula (3A) is preferably a structure represented by the general
formula (31A).
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R27 R28
O O
\R21 R.{Z O
S A
R25 N \R25

=

7 |
RZB\/\R24 (31A)

[0083] Inthe formula (31A), R2' and R22 each independently represent an alkylene group that may have a substituent,
and R23 to R28 each independently represent a hydrogen atom or a methyl group.

[0084] The protective layer may contain an additive, such as an antioxidant, a UV absorber, a plasticizer, a leveling
agent, a lubricity-imparting agent, or a wear resistance-improving agent. Specific examples thereof include a hindered
phenol compound, a hindered amine compound, a sulfur compound, a phosphorus compound, a benzophenone com-
pound, a siloxane-maodified resin, a silicone oil, fluorine resin particles, polystyrene resin particles, polyethylene resin
particles, silica particles, alumina particles, and boron nitride particles.

[0085] The protective layer may contain electroconductive particles and/or a charge-transporting substance, and a
resin.

[0086] Examples of the electroconductive particles include metal oxide particles, such as titanium oxide, zinc oxide,
tin oxide, and indium oxide.

[0087] Examples of the charge-transporting substance include a polycyclic aromatic compound, a heterocyclic com-
pound, a hydrazone compound, a styryl compound, an enamine compound, a benzidine compound, a triarylamine
compound, and a resin having a group derived from each of those substances. Of those, a triarylamine compound and
a benzidine compound are preferred.

[0088] Examples of the resin include a polyester resin, an acrylic resin, a phenoxy resin, a polycarbonate resin, a
polystyrene resin, a phenol resin, a melamine resin, and an epoxy resin. Of those, a polycarbonate resin, a polyester
resin, and an acrylic resin are preferred.

[0089] The average thickness of the protective layer is preferably 0.5 pum or more and 10 wm or less, more preferably
1 wm or more and 7 um or less.

[0090] The protective layer may be formed by: preparing a coating liquid for a protective layer containing the above-
mentioned respective materials and a solvent; forming a coat of the liquid; and drying and/or curing the coat. Examples
of the solvent to be used for the coating liquid include an alcohol-based solvent, a ketone-based solvent, an ether-based
solvent, a sulfoxide-based solvent, an ester-based solvent, and an aromatic hydrocarbon-based solvent.

[Process Cartridge and Electrophotographic Image-forming Apparatus]

[0091] A process cartridge according to one aspect of the presentdisclosure integrally supports the electrophotographic
photosensitive member that has been described above, and at least one unit selected from the group consisting of a
charging unit, a developing unit, and a cleaning unit, and is removably mounted onto the main body of an electropho-
tographic apparatus.

[0092] In addition, an electrophotographic apparatus according to one aspect of the present disclosure includes the
electrophotographic photosensitive member that has been described above, and at least one unit selected from the
group consisting of a charging unit, an exposing unit, a developing unit, and a transferring unit.

[0093] An example of the schematic construction of an electrophotographic apparatus including a process cartridge
including an electrophotographic photosensitive member is illustrated in FIGURE.

[0094] First, reference numerals in FIGURE are described.

[0095] An electrophotographic photosensitive member is represented by reference numeral 1, a shaft is represented
by reference numeral 2, a charging unit is represented by reference numeral 3, exposure lightis represented by reference
numeral 4, a developing unit is represented by reference numeral 5, a transferring unit is represented by reference
numeral 6, a transfer material is represented by reference numeral 7, a fixing unit is represented by reference numeral
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8, a cleaning unit is represented by reference numeral 9, and pre-exposure light is represented by reference numeral 10.
[0096] A process cartridge is represented by reference numeral 11 and a guiding unit is represented by reference
numeral 12.

[0097] An electrophotographic photosensitive member 1 having a cylindrical shape is rotationally driven at a prede-
termined peripheral speed in a direction indicated by the arrow about a shaft 2 as a center. The surface of the electro-
photographic photosensitive member 1 is charged to a predetermined positive or negative potential by a charging unit
3. In FIGURE, a roller charging system based on a roller-type charging member is illustrated, but a charging system
such as a corona charging system, a proximity charging system, or an injection charging system may be adopted. The
charged surface of the electrophotographic photosensitive member 1 is irradiated with exposure light 4 from an exposing
unit (not shown), and hence an electrostatic latent image corresponding to target image information is formed thereon.
The electrostatic latent image formed on the surface of the electrophotographic photosensitive member 1 is developed
with toner stored in a developing unit 5, and hence a toner image is formed on the surface of the electrophotographic
photosensitive member 1. The toner image formed on the surface of the electrophotographic photosensitive member 1
is transferred onto a transfer material 7 by a transferring unit 6. The transfer material 7 onto which the toner image has
been transferred is conveyed to a fixing unit 8, is subjected to a treatment for fixing the toner image, and is printed out
to the outside of the electrophotographic apparatus. The electrophotographic apparatus may include a cleaning unit 9
for removing a deposit, such as the toner remaining on the surface of the electrophotographic photosensitive member
1 after the transfer. The cleaning unit 9 is preferably a cleaning blade having a urethane resin. In addition, a so-called
cleaner-less system configured to remove the deposit with the developing unit or the like without separate arrangement
of the cleaning unit 9 may be used. The electrophotographic apparatus may include an electricity-removing mechanism
configured to subject the surface of the electrophotographic photosensitive member 1 to an electricity-removing treatment
with pre-exposure light 10 from a pre-exposing unit (not shown). In addition, a guiding unit 12, such as a rail, may be
arranged for removably mounting a process cartridge 11 according to one aspect of the present disclosure onto the
main body of an electrophotographic image-forming apparatus.

[0098] The electrophotographic photosensitive member according to one aspect of the present disclosure can be used
in an electrophotographic image-forming apparatus, such as a laser beam printer, an LED printer, a copying machine,
a facsimile, or a multifunctional peripheral thereof.

Examples

[0099] The present disclosure is described in more detail below by way of Examples and Comparative Examples. The
present disclosure is by no means limited to the following Examples, and various modifications may be made without
departing from the gist of the present disclosure. In the description of the following Examples, "part(s)" is by mass unless
otherwise specified.

<Production of Electrophotographic Photosensitive Member>
[Example 1]

[0100] An aluminum cylinder having a diameter of 24 mm and a length of 257.5 mm (JIS-A3003, aluminum alloy) was
used as a support (electroconductive support).
[0101] Next, the following materials were prepared.

» Titanium oxide (TiO,) particles coated with oxygen-deficient tin oxide (SnO,) (average primary particle diameter:
230 nm) serving as metal oxide particles: 214 parts

*  Phenol resin (monomer/oligomer of phenol resin) (product name: PLYOPHEN J-325, manufactured by DIC Corpo-
ration, resin solid content: 60 mass%) serving as a binding material: 132 parts

¢ 1-Methoxy-2-propanol serving as a solvent: 98 parts

[0102] Those materials were loaded into a sand mill using 450 parts of glass beads each having a diameter of 0.8
mm, and were subjected to a dispersion treatment under the conditions of a number of revolutions of 2,000 rpm, a
dispersion treatment time of 4.5 hours, and a preset temperature of cooling water of 18°C to provide a dispersion liquid.
The glass beads were removed from the dispersion liquid with a mesh (aperture: 150 wm). Silicone resin particles
(product name: TOSPEARL 120, manufactured by Momentive Performance Materials Inc., average particle diameter:
2 uwm) serving as a surface roughness-imparting material were added to the resultant dispersion liquid. The addition
amount of the silicone resin particles was set to 10 mass% with respect to the total mass of the metal oxide particles
and the binding material in the dispersion liquid after the removal of the glass beads. In addition, a silicone oil (product
name: SH28PA, manufactured by Dow Corning Toray Co., Ltd.) serving as a leveling agent was added to the dispersion
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liquid so that its addition amount became 0.01 mass% with respect to the total mass of the metal oxide particles and
the binding material in the dispersion liquid. Next, a mixed solvent of methanol and 1-methoxy-2-propanol (mass ratio:
1:1) was added to the dispersion liquid so that the total mass of the metal oxide particles, the binding material, and the
surface roughness-imparting material (i.e., the mass of a solid content) in the dispersion liquid became 67 mass% with
respect to the mass of the dispersion liquid. After that, the mixture was stirred to prepare a coating liquid for an electro-
conductive layer. The coating liquid for an electroconductive layer was applied onto the support by dip coating, and was
heated for 1 hour at 140°C. Thus, an electroconductive layer having a thickness of 30 um was formed.

[0103] Next, the following materials were prepared.

* Electron-transporting substance represented by the following formula (E-1): 4 parts

* Blocked isocyanate (product name: Duranate SBN-70D, manufactured by Asahi Kasei Chemicals Corporation): 5.5
parts

e Polyvinyl butyral resin (product name: S-LEC KS-5Z, manufactured by Sekisui Chemical Co., Ltd.): 0.3 part

e Zinc(ll) hexanoate (manufactured by Mitsuwa Chemicals Co., Ltd.) serving as a catalyst: 0.05 part

[0104] Those materials were dissolved in a mixed solvent of 50 parts of tetrahydrofuran and 50 parts of 1-methoxy-
2-propanol. Thus, a coating liquid for an undercoat layer was prepared. The coating liquid for an undercoat layer was
applied onto the electroconductive layer by dip coating, and was heated for 30 minutes at 170°C. Thus, an undercoat
layer having a thickness of 0.7 um was formed.

@)

OH

HO (E-1)

[0105] Next, 10 parts of hydroxygallium phthalocyanine of a crystal form having peaks at positions of 7.5° and 28.4°
in a chart obtained by CuKa characteristic X-ray diffraction, and 5 parts of a polyvinyl butyral resin (product name: S-
LEC BX-1, manufactured by Sekisui Chemical Co., Ltd.) were prepared. Those materials were added to 200 parts of
cyclohexanone, and were dispersed therein with a sand mill apparatus using glass beads each having a diameter of 0.9
mm for 6 hours. 150 Parts of cyclohexanone and 350 parts of ethyl acetate were further added to the resultant to dilute
the resultant. Thus, a coating liquid for a charge-generating layer was obtained. The resultant coating liquid was applied
onto the undercoat layer by dip coating, and was dried at 95°C for 10 minutes. Thus, a charge-generating layer having
a thickness of 0.20 pm was formed.

[0106] The X-ray diffraction measurement was performed under the following conditions.

[Powder X-ray Diffraction Measurement]
[0107]

Measurement apparatus used: X-ray diffraction apparatus RINT-TTRII, manufactured by Rigaku Corporation
X-ray tube: Cu

Tube voltage: 50 KV

Tube current: 300 mA

Scan method: 26/6 scan

Scan rate: 4.0°/min

Sampling interval: 0.02°

Start angle (26): 5.0°

Stop angle (20): 40.0°

Attachment: standard sample holder

Filter: not used

Incident monochromator: used

Counter monochromator: not used

Divergence slit: open

Divergence longitudinal restriction slit: 10.00 mm
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Scattering slit: open

Light receiving slit: open

Flat plate monochromator: used
Counter: scintillation counter

[0108] Next, the following materials were prepared.

e Charge-transporting substance represented by the formula (CTM-1): 6 parts

e Charge-transporting substance represented by the formula (CTM-4): 3 parts

e Charge-transporting substance represented by the formula (CTM-2): 1 part

*  Polycarbonate (product name: lupilon Z400, manufactured by Mitsubishi Engineering-Plastics Corporation): 10 parts

* 0.02 Part of a polycarbonate resin having copolymerization units represented by the following structural formula (C-
4) and the following structural formula (C-5) (x:y=0.95:0.05, viscosity-average molecular weight=20,000)

[0109] Those materials were dissolved in a mixed solvent of 25 parts of orthoxylene, 25 parts of methyl benzoate, and
25 parts of dimethoxymethane. Thus, a coating liquid for a charge-transporting layer was prepared. The coating liquid

for a charge-transporting layer was applied onto the charge-generating layer by dip coating to form a coat, and the coat
was dried for 30 minutes at 120°C. Thus, a charge-transporting layer having a thickness of 16 ywm was formed.

%
(C-4)
X
C3H6‘€SIO%SI—03H5 o—0C
CH3 /20 CHj s
y  (C5)

[0110] Next, the following materials were prepared.
e Compound represented by the following formula (1-1A): 3.6 parts
e Compound represented by the following formula (2-1A): 8.4 parts

e Compound represented by the following formula (3-1A): 12 parts
* Siloxane-modified acrylic compound: 0.1 part (SYMAC US-270, manufactured by Toagosei Co., Ltd.)

H2C=CH
O
0

s

(1-1A)
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HQCZCH
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O

N
O/ (2-1A)
— o; \ T
O
Fo 0
O
(3-1A}

[0111] Those materials were mixed with 60 parts of tetrahydrofuran, and the mixture was stirred. Thus, a coating liquid
for a protective layer was prepared.

[0112] The coating liquid for a protective layer was applied onto the charge-transporting layer by dip coating to form
a coat, and the resultant coat was dried for 6 minutes at 50°C. After that, under a nitrogen atmosphere, the coat was
irradiated with electron beams for 2.8 seconds under the conditions of an acceleration voltage of 50 kV and a beam
current of 5.0 mA while a distance between the support (irradiated body) and an electron beam irradiation window was
kept at 20 mm, and the support (irradiated body) was rotated at a speed of 200 rpm. The absorbed dose of the electron
beams at this time was measured to be 15 kGy. After that, under a nitrogen atmosphere, the temperature of the coat
was increased from 25°C to 117°C over 20 seconds, followed by the heating of the coat. An oxygen concentration during
a time period from the electron beam irradiation to the subsequent heating treatment was 10 ppm or less. Next, in the
atmosphere, the coat was naturally cooled until its temperature became 25°C, and a heating treatment was performed
for 30 minutes under such a condition that the temperature of the coat became 105°C. Thus, a protective layer having
athickness of 3 um was formed. Thus, a cylindrical (drum-shaped) electrophotographic photosensitive member including
the protective layer of Example 1 was produced.

[Example 2]

[0113] In Example 1, 3.6 parts of the compound represented by the formula (1-1A) was changed to 3.6 parts of a
compound represented by the following formula (1-2A), 8.4 parts of the compound represented by the formula (2-1A)
was changed to 8.4 parts of a compound represented by the following formula (2-2A), 12 parts of the compound repre-
sented by the formula (3-1A) was changed to 12 parts of a compound represented by the following formula (3-2A), and
60 parts of tetrahydrofuran was changed to a mixed solvent of 42 parts of cyclohexane and 18 parts of 1-propanol. An
electrophotographic photosensitive member was produced in the same manner as in Example 1 except the foregoing.
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H,C=CH
O
0O
C|33Ha

(1-2A)

HQC=CH

C3Hs

N
/©/ \O\ (2-2A)

(3-2A)
[Example 3]

[0114] In Example 2, 12 parts of the compound represented by the formula (3-2A) was changed to 6 parts of the
compound represented by the formula (3-2A) and 6 parts of a compound represented by the following formula (3-3A).
An electrophotographic photosensitive member was produced in the same manner as in Example 2 except the foregoing.

e ol

O CsHg Ci;Hg O

(3-3A)

[Example 4]

[0115] In Example 2, 12 parts of the compound represented by the formula (3-2A) was changed to 12 parts of the
compound represented by the formula (3-3A). An electrophotographic photosensitive member was produced in the same
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manner as in Example 2 except the foregoing.
[Example 5]
[0116] In Example 4, 12 parts of the compound represented by the formula (3-3A) was changed to 8 parts of a

compound represented by the following formula (3-4A). An electrophotographic photosensitive member was produced
in the same manner as in Example 4 except the foregoing.

o] CaHs CiHg O

(3-4A)
[Example 6]

[0117] In Example 5, 3.6 parts of the compound represented by the formula (1-2A) was changed to 3.6 parts of a
compound represented by the following formula (1-3A), and 8.4 parts of the compound represented by the formula (2-2A)
was changed to 8.4 parts of a compound represented by the following formula (2-3A). An electrophotographic photo-
sensitive member was produced in the same manner as in Example 5 except the foregoing.

H20=CH
O
7
CaHe
N
(1-3A)
HQC=CH
o
7
CaHg
N
(2-3A)
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[Example 7]

[0118] In Example 5, 3.6 parts of the compound represented by the formula (1-2A) was changed to 3.6 parts of a
compound represented by the following formula (1-4A), and 8.4 parts of the compound represented by the formula (2-2A)
was changed to 8.4 parts of a compound represented by the following formula (2-4A). An electrophotographic photo-
sensitive member was produced in the same manner as in Example 5 except the foregoing.

HQC=CH
O
?
CQH4
N
(1-4A)
H2C =CH
O
7
CoH,
N
(2-4A)

[Example 8]

[0119] In Example 5, 3.6 parts of the compound represented by the formula (1-2A) was changed to 3.6 parts of a
compound represented by the following formula (1-5A), and 8.4 parts of the compound represented by the formula (2-2A)
was changed to 8.4 parts of the compound represented by the formula (2-1A). An electrophotographic photosensitive
member was produced in the same manner as in Example 5 except the foregoing.

H2C=CH
@
7
CsHqo
N

(1-5A)
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[Example 9]

[0120] In Example 5, 3.6 parts of the compound represented by the formula (1-2A) was changed to 3.6 parts of the
compound represented by the formula (1-3A), and 8.4 parts of the compound represented by the formula (2-2A) was
changed to 8.4 parts of a compound represented by the following formula (2-5A). An electrophotographic photosensitive
member was produced in the same manner as in Example 5 except the foregoing.

H2C=CH
O
i
CsHip
N

(2-5A)

[Example 10]

[0121] In Example 5, 3.6 parts of the compound represented by the formula (1-2A) was changed to 3.6 parts of a
compound represented by the following formula (1-6A), and 8.4 parts of the compound represented by the formula (2-2A)
was changed to 8.4 parts of a compound represented by the following formula (2-6A). An electrophotographic photo-
sensitive member was produced in the same manner as in Example 5 except the foregoing.

GHs
H,C=C
O
?
CaHg
N
(1-6A)
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CHs5
ch=(|3
O
0
(|33H5
N

(2-BA)
[Example 11]
[0122] In Example 5, the amount of the compound represented by the formula (1-2A) was changed from 3.6 parts to
0.6 part, the amount of the compound represented by the formula (2-2A) was changed from 8.4 parts to 1.4 parts, and
the amount of the compound represented by the formula (3-4A) was changed from 8 parts to 18 parts. An electropho-
tographic photosensitive member was produced in the same manner as in Example 5 except the foregoing.
[Example 12]
[0123] In Example 5, the amount of the compound represented by the formula (1-2A) was changed from 3.6 parts to
1.0 part and the amount of the compound represented by the formula (2-2A) was changed from 8.4 parts to 11 parts.
An electrophotographic photosensitive member was produced in the same manner as in Example 5 except the foregoing.
[Example 13]
[0124] In Example 5, the amount of the compound represented by the formula (1-2A) was changed from 3.6 parts to
5 parts and the amount of the compound represented by the formula (2-2A) was changed from 8.4 parts to 7 parts. An
electrophotographic photosensitive member was produced in the same manner as in Example 5 except the foregoing.
[Example 14]
[0125] In Example 5, the amount of the compound represented by the formula (1-2A) was changed from 3.6 parts to
0.4 part and the amount of the compound represented by the formula (2-2A) was changed from 8.4 parts to 11.6 parts.
An electrophotographic photosensitive member was produced in the same manner as in Example 5 except the foregoing.
[Example 15]
[0126] In Example 5, the amount of the compound represented by the formula (1-2A) was changed from 3.6 parts to
8 parts and the amount of the compound represented by the formula (2-2A) was changed from 8.4 parts to 4 parts. An
electrophotographic photosensitive member was produced in the same manner as in Example 5 except the foregoing.
[Comparative Example 1]
[0127] In Example 1, the amount of the compound represented by the formula (1-1A) was changed from 3.6 parts to
12 parts, and 8.4 parts of the compound represented by the formula (2-1A) was not used. An electrophotographic
photosensitive member was produced in the same manner as in Example 1 except the foregoing.

[Comparative Example 2]

[0128] In Comparative Example 1, 12 parts of the compound represented by the formula (1-1A) was changed to 12
parts of the compound represented by the formula (2-1A). An electrophotographic photosensitive member was produced
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in the same manner as in Comparative Example 1 except the foregoing.
<Analysis>

[0129] Analysis was performed by using each of the electrophotographic photosensitive members of Examples 1 to
15, and the electrophotographic photosensitive members of Comparative Examples 1 and 2 thus produced under the
following conditions.

[0130] The surface of each of the resultant electrophotographic photosensitive members was shaved off with a razor.
Thus, the protective layer was obtained. The molar ratio of a structure represented by the general formula (1) to a
structure represented by the general formula (2) in the protective layer, the ratio of the total mass of structural units each
having a charge-transporting ability to the entire mass of the protective layer, and the ratio of the total mass of the
structures represented by the general formulae (1) and (2) to the total mass of the structural units each having a charge-
transporting ability in the protective layer were determined by performing 'H-NMR measurement (apparatus name:
AVANCE IIl 500, manufactured by Bruker) and pyrolysis gas chromatography measurement. The results are shown in
Table 1.

<Evaluation>

[0131] An exposure memory was evaluated by using each of the electrophotographic photosensitive members of
Examples 1to 15, and the electrophotographic photosensitive members of Comparative Examples 1 and 2 thus produced
under the following conditions.

[0132] A reconstructed machine of a laser beam printer (product name: HP LaserJet Enterprise Color M553dn, man-
ufactured by Hewlett-Packard Company) was used as an electrophotographic apparatus. The electrophotographic ap-
paratus used in the evaluation was reconstructed so that an image exposure light quantity and a voltage to be applied
to a charging roller could be regulated and measured.

[0133] First, each of the electrophotographic photosensitive members of Examples and Comparative Examples was
mounted on the cyan color cartridge of the electrophotographic apparatus.

[0134] Next, the voltage to be applied to the charging roller and the image exposure light quantity were adjusted so
that, in an average potential in the circumferential direction of the electrophotographic photosensitive member at a
position distant from the upper end of the support of the electrophotographic photosensitive member by 120 mm, a dark
potential and a light potential became -500 V and -100 V, respectively. The measurement of the surface potential of the
cylindrical electrophotographic photosensitive member at the time of the potential setting was performed by reconstructing
the cartridge and mounting a potential probe (product name: model 6000B-8, manufactured by Trek Japan) at a devel-
opment position. The potential was measured with a surface potentiometer (product name: model 344, manufactured
by Trek Japan). The measurement was performed under a normal-temperature and normal-humidity environment at a
temperature of 23°C and a humidity of 50%.

[0135] The evaluation of the exposure memory was performed as described below. First, part of the surface (circum-
ferential surface) of the electrophotographic photosensitive member was shielded from light (light-shielded portion), and
a portion that was not shielded from light (irradiation portion) was irradiated with light from a fluorescent lamp having an
illuminance of 1,500 lux for 5 minutes. Next, the photosensitive member was mounted on the reconstructed machine of
the laser beam printer, and each of the light-shielded portion and the irradiation portion was subjected to charging and
light exposure, followed by the measurement of the light potential of its surface. A difference (potential difference) AVI
[V] between the light potential of the irradiation portion and the light potential of the light-shielded portion was evaluated
as the exposure memory.

A VI=light potential of irradiation portion-light potential of light-shielded portion

[0136] The results of the evaluation are shown in Table 1. A smaller value for the AVI means that the exposure memory
is suppressed to a larger extent.

Table 1
. Ratio of total mass of .
Molar ratio of structure . Ratio of total mass of structure
structural units each
represented by general . represented by general , formulae
having charge- AV
formula (1) to structure - i (1) and (2) to total mass of
transporting ability to . . |
represented by general . . structural units each having
entire mass of protective . .
formula (2) charge-transporting ability
layer
Example 1 043 0.5 1.0 15
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(continued)
Molar ratio of structure Ratio of total .mass of Ratio of total mass of structure
structural units each
represented by general . represented by general , formulae
having charge- AV
formula (1) to structure . " (1) and (2) to total mass of
transporting ability to . . |
represented by general . . structural units each having
entire mass of protective . .
formula (2) charge-transporting ability
layer
Example 2 0.43 0.5 1.0 15
Example 3 0.43 0.5 0.5 12
Example 4 0.43 1.0 0.5 7
Example 5 0.43 1.0 0.6 3
Example 6 0.43 1.0 0.6 4
Example 7 0.43 1.0 0.6 5
Example 8 0.41 1.0 0.6 8
Example 9 0.43 1.0 0.6 5
Example 10 0.43 1.0 0.6 12
Example 11 0.43 1.0 0.1 9
Example 12 0.09 1.0 0.6 11
Example 13 0.70 1.0 0.6 10
Example 14 0.02 1.0 0.6 17
Example 15 2.00 1.0 0.6 16
Comparative ) 05 10 26
Example 1
Comparative ) 05 10 5
Example 2

[0137] As described above by way of the embodiment and Examples, according to the present disclosure, the elec-
trophotographic photosensitive member that is reduced in exposure memory, and is excellent in electrical characteristics
and durability can be provided. In addition, according to other aspects of the present disclosure, the process cartridge
and the electrophotographic image-forming apparatus each of which is reduced in exposure memory, and is excellent
in electrical characteristics and durability can be provided.

[0138] While the presentinvention has been described with reference to exemplary embodiments, itis to be understood
that the invention is not limited to the disclosed exemplary embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all such modifications and equivalent structures and functions.
[0139] Provided is an electrophotographic photosensitive member that is reduced in exposure memory and is excellent
in electrical characteristics and durability. The electrophotographic photosensitive member includes in this order: a
support; a photosensitive layer; and a protective layer, wherein the protective layer contains a resin having a structure
represented by the following general formula (1) and a structure represented by the following general formula (2).
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Claims
1. An electrophotographic photosensitive member comprising in this order:
a support;

a photosensitive layer; and
a protective layer,

wherein the protective layer contains a resin having a structure represented by the following general formula

(1) and a structure represented by the following general formula (2):

R?

v ]
By

| 6
RE-— | |
N P
R3 N

N
AN

=
R4 RS (1)

in the formula (1), R represents an alkylene group or phenylene group that may have a substituent, and R2 to

R7 each independently represent a hydrogen atom, a methyl group, or an ethyl group;

30



10

15

20

25

30

35

40

45

50

55

EP 3 575 879 A1

R’IT

fed

ARt R
AN

R12
|

7\\-:/\ 14
R R @)

=

in the formula (2), R represents an alkylene group or phenylene group that may have a substituent, and R12
to R17 each independently represent a hydrogen atom, a methyl group, or an ethyl group.

The electrophotographic photosensitive member according to claim 1, wherein a molar ratio of the structure repre-
sented by the general formula (1) to the structure represented by the general formula (2) is 0.05 or more and 0.70
or less.

The electrophotographic photosensitive member according to claim 1 or 2, wherein the protective layer contains
the resin further having a structure represented by the following general formula (3):

R2O

\
C
A # \EE
O
O AN )

in the formula (3), A represents an organic group, R20s each independently represent a hydrogen atom or a methyl
group, and "n" represents an integer of 2 or more and 6 or less.

The electrophotographic photosensitive member according to any one of claims 1 to 3, wherein a ratio of a total
mass of structural units each having a charge-transporting ability to a mass of an entirety of the protective layer is
0.4 or more and 1.0 or less, and a ratio of a total mass of the structural units represented by the general formulae
(1) and (2) to the total mass of the structural units each having a charge-transporting ability is 0.1 or more and 1.0
or less.

The electrophotographic photosensitive member according to any one of claims 1 to 4, wherein R” in the general
formula (1) represents a hydrogen atom, and R17 in the general formula (2) represents a hydrogen atom.

The electrophotographic photosensitive member according to claim 3, wherein the structure represented by the
general formula (3) comprises a structure represented by the following general formula (31):
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in the formula (31), R21 and R22 each independently represent an alkylene group that may have a substituent, and
R23 to R28 each independently represent a hydrogen atom or a methyl group.

The electrophotographic photosensitive member according to any one of claims 1 to 6, wherein R? in the general
formula (1) and R'! in the general formula (2) each independently represent an alkylene group having 2 or more
and 5 or less carbon atoms.

An electrophotographic photosensitive member comprising in this order:

a support;

a photosensitive layer; and

a protective layer,

wherein the protective layer contains a polymer of a composition containing a polymerizable compound repre-
sented by the following general formula (1A) and a polymerizable compound represented by the following
general formula (2A):

R?
|
HzC:C
o9
1 RS
7 | R | A
R_
¢ o
RS N
~ ]
34
Rf*/\Rs (1A)

in the formula (1A), R represents an alkylene group or phenylene group that may have a substituent, and R2
to R7 each independently represent a hydrogen atom, a methyl group, or an ethyl group;

32



10

15

20

25

30

35

40

45

50

55

EP 3 575 879 A1

R17
|
H20=C
14 16
TN P
|
. N e
R12
]
Y\
R R (2A)

in the formula (2A), R represents an alkylene group or phenylene group that may have a substituent, and R12
to R17 each independently represent a hydrogen atom, a methyl group, or an ethyl group.

9. A process cartridge comprising:
the electrophotographic photosensitive member according to any one of claims 1 to 8; and
at least one unit selected from the group consisting of a charging unit, a developing unit, and a cleaning unit,
the process cartridge integrally supporting the electrophotographic photosensitive member and the at least one
unit, and being removably mounted onto a main body of an electrophotographic image-forming apparatus.
10. An electrophotographic image-forming apparatus comprising:
the electrophotographic photosensitive member according to any one of claims 1 to 8; and

at least one unit selected from the group consisting of a charging unit, an exposing unit, a developing unit, and
a transferring unit.
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